Background: Information on dietary intake provides some of the most valuable insights for mounting intervention programmes for the prevention of chronic diseases. With the growing concern about adolescent overweight, the need to accurately measure diet becomes imperative. Assessment among adolescents is problematic as this group has irregular eating patterns and they have less enthusiasm for recording food intake. Subjects/Methods: We used qualitative and quantitative techniques among adolescents to assess their preferences for dietary assessment methods. Results: Dietary assessment methods using technology, for example, a personal digital assistant (PDA) or a disposable camera, were preferred over the pen and paper food record. Conclusions: There was a strong preference for using methods that incorporate technology such as capturing images of food. This suggests that for adolescents, dietary methods that incorporate technology may improve cooperation and accuracy. Current computing technology includes higher resolution images, improved memory capacity and faster processors that allow small mobile devices to process information not previously possible. Our goal is to develop, implement and evaluate a mobile device (for example, PDA, mobile phone) food record that will translate to an accurate account of daily food and nutrient intake among adolescents. This mobile computing device will include digital images, a nutrient database and image analysis for identification and quantification of food consumption. Mobile computing devices provide a unique vehicle for collecting dietary information that reduces the burden on record keepers. Images of food can be marked with a variety of input methods that link the item for image processing and analysis to estimate the amount of food. Images before and after the foods are eaten can estimate the amount of food consumed. The initial stages and potential of this project will be described.
Introduction
Accurate methods and tools to assess food and nutrient intake are essential in monitoring nutritional status for epidemiological and clinical research on the association between diet and health. The collection of data on food intake provides some of the most valuable insights into the occurrence of disease and subsequent approaches for mounting intervention programmes for prevention. However, one of the most problematic groups for the assessment of diet is adolescents. Food intake in this age group has been evaluated by a variety of methods including food records (FR), the 24-h dietary recall (24HR) and a food frequency questionnaire with external validation by doubly labelled water and urinary nitrogen (Champagne et al., 1998; McPherson et al., 2000; Larsson et al., 2002; Bandini et al., 2003; Livingstone and Black, 2003; Rockett et al., 2003) . Currently, there are too few validation studies in adolescents to justify the use of one particular method over another for any given study design, and underreporting is well documented (Black et al., 1993; Livingstone et al., 2004) .
Little is known about the factors that may contribute to underreporting in adolescents. In general, subjects who underreport using one method are likely to underreport using another dietary assessment method. Older children, 15-to 18-year-old, are more likely to underreport compared with those who are 7-, 9-and 12-year-old (Black et al., 1993; Bandini et al., 2003; Livingstone et al., 2004) . One factor that may contribute to underreporting is the effort involved in keeping a FR (Goodwin et al., 2001) . In comparison with younger children, adolescents eat more food because they are growing. Their eating habits are much more unstructured, and they eat away from home more often. These factors add to the burden of keeping a FR, as well as making the 24HR recall and the food frequency questionnaire more difficult to undertake.
Focus group methods have been used to evaluate the reaction of 6-to 17-year-olds to collecting dietary data using a FR (Goodwin et al., 2001) . Adolescents reported that they would not carry the food and activity booklet during recording and would consider altering their food intake to simplify recording. They also said that they became annoyed when their parents tried to help them. Early adolescents aged 11-14 years, in particular, are in that period of time when the novelty and curiosity of assisting in or self-reporting of food intakes starts to wane, and assistance from parents is seen as an intrusion (Livingstone et al., 2004) . Therefore, novel approaches to the assessment of food intake in this age group using technology may keep adolescents more engaged in the activity itself.
Adolescents are the ones most eager in terms of adopting new technology. Mobile computing devices such as personal digital assistants (PDAs) and smart phones with cameras are poised to show their potential as a general purpose computing device. PDAs are ideal as a field data collection device (Wang et al., 2002; Kretsch et al., 2004; Kikunaga et al., 2007) . In 2004, a survey by Quality Education Data Inc. found that 28% of US school districts offered handheld computers for student and teacher use (Burke, 2005) . Limited diet assessment software applications for handheld computers are currently available and this area remains underexplored. Therefore, this paper describes the pilot study that was used to determine adolescents' preferences for reporting dietary intake and the early development of using mobile devices for dietary assessment.
Materials and methods
Subjects and study design A pilot study was conducted as an adjunct to a metabolic study following methods that have been described earlier (Braun et al., 2006 (Braun et al., , 2007 . Owing to the objectives of the primary study, participants (n ¼ 31) were 16 boys and 15 girls of Chinese heritage between the ages of 11 and 15 years. The metabolic study, including the adjunct study described here, was approved by the Purdue University Institutional Review Board. Parental consent and participant assent were completed for each study subject prior to study participation.
The enrolled boys and girls lived in a campus residence hall converted into a metabolic ward for two 3-week periods separated by a 1-week washout period where the participants returned to their homes. All meals and snacks were provided. Between the time of enrollment in the study and the final day of the study, the participants completed six approaches to collecting dietary information: multipass 24HR, FR (paper and pencil), PDA with hierarchical menu, PDA with search menu, PDA with camera and camera with notebook.
Dietary assessment methods
Prior to the first day of the study, the participants were requested to complete 6 days of FRs. Separately, PDA software was developed that allowed users to record foods eaten. The user interface was designed so that the foods eaten were selected from a hierarchical tree structure that was based on the major and minor groups' food coding scheme of the nutrient database of the United States Department of Agriculture (USDA) Food and Nutrient Database for Dietary Studies (FNDDS), 1.0, 2004, Beltsville, MD, Agricultural Research Service, Food Surveys Research Group. During the washout period, the user interface was enhanced to include a search feature so that foods could be found by entering partial food names.
During the first 3 weeks, subjects participated in 1 or 2 days of the 24HR. Later, subjects had the opportunity to complete at least 2 days of the PDA-based food record with meals and snacks. One PDA with a camera was available, and thus its use was limited to only a few meals per subject. To use the camera PDA, subjects were given instructions to take a digital image of a meal or snack. To identify foods, they were shown how to use the stylus to make notes directly on the image of the meal (Figure 1 ). During the second 3 weeks of the study, the PDA-search food record was used.
To further experiment with capturing food intake with pictures, during the washout period, each child was sent home with a disposable camera and a small notebook. They were instructed to take pictures of foods consumed for at least 1 day during the week and write notes about the foods eaten in the small notebook. Instruction emphasized that an item of known size or a fiducial marker (the small notebook, a chopstick or a coin) was to be included in each picture. The camera and notebook were to be returned at the start of the second 3 weeks of the metabolic study. The only incentive provided was the promise of receiving any personal photos developed. The subjects received no Figure 1 Input technique of using stylus to handwrite notes to label food items on a digital image of a meal.
reminders during the washout week to record intake while at home.
Feedback approach
At the end of each 3-week period, separate focus groups for boys and girls were conducted using a predetermined outline and set of prompts. The focus groups were audiotaped and transcribed verbatim. The transcripts were reviewed to identify consistent themes with regard to the dietary assessment methods. After the focus group sessions, a brief questionnaire was completed that asked about an individual's level of agreement, neutrality or disagreement about his/her liking of each dietary assessment method. The questionnaire contained statements such as 'I liked writing the foods I ate in the yellow food record booklet' followed by seven response categories ranging from 'agree strongly' to 'neither agree or disagree' to 'disagree strongly.' For frequency analysis, these categories were collapsed into three categories of 'agree,' 'neutral' and 'disagree.'
Results

Lessons learned from adolescents
On the first day of the study, 27 of the 31 participants (87%, 13 boys and 14 girls) turned in their completed 6 days of food records. Fifteen males and 14 females participated in focus groups regarding the six different dietary assessment methods. A summary of statements from the focus groups is in Figure 2 . Girls commented that the FR was a 'hassle.' The PDA methods were described as 'better than the interview' (referring to the 24HR), 'high technology' and 'easier.' Comments about using a camera included: 'lot easier,' 'fun' and 'wasn't anything I didn't like about this.' In the focus group sessions, especially among the boys, a high level of frustration about the 24HR was expressed, for example, 'boring,' 'tedious. ' During the focus groups, subjects expressed difficulty in finding foods using the hierarchical tree data entry method and suggested the addition of a search mechanism for the PDA food record tool. The subjects explained that they did not always know the food grouping for a food. The search method for finding a food was added as a feature during the washout period. Other issues that distracted from the data entry process were the unfamiliar food names used in the database (for example, gum drops for gummy bears, frankfurters for hot dogs) and programme bugs that surfaced during the programme's first use by a variety of adolescents. Table 1 shows the cooperation of the 30 adolescents provided with a disposable camera and small notebook to take home during the 1-week washout period. Despite the lack of remuneration and reminders, 23 of 30 individuals (77%) took pictures beyond the requested 1 day. Just over half of the participants (17/30) recorded in the notebook, whereas 29 of 30 took pictures.
During the focus groups, in response to the question, 'Were there any situations where you felt embarrassed using the camera?,' most individuals said 'no.' Those respondents who claimed potential for embarrassment, including one who stated 'some embarrassment at a buffet,' were comfortable with the process of saying things such as, 'My friends would think it was weird. But I would take the pictures anyway.' There was verbal consensus that audio recordings of their intakes would have been embarrassing, and they expressed dislike at the idea of talking out loud about their food intakes.
The results of the questionnaire asking for partiality toward the six diet assessment methods are shown in Table 2 . When allowed to express their opinions on the questionnaire, which is confidential compared with the more public focus group approach, the 24HR was disliked no more than the PDA tree method. A surprising observation was that a larger proportion of respondents selected liking the 24HR compared with the PDA tree method. The paper and pencil food record was liked the least. There was 100% agreement for the disposable camera and PDA camera as well-liked methods.
When testing the pilot PDA food record tool with the subjects, almost every child indicated previous experience in using a PDA and readily adapted to using the tool. Of the 29 subjects completing the questionnaire, 59% (17/29) owned a mobile phone and 66% (19/29) reported owning a digital camera.
A unique aspect of this pilot study was that the subjects were exposed to six different dietary assessment methods, with some of these methods incorporating digital images and handheld PDA tools. Adolescents in this study showed a strong preference for using methods that incorporate technology such as capturing images of food. The use of properly designed handheld computing devices that work through the paradigm of how young people actually live and interact in the 'digital' age may address many of the issues outlined as barriers to recording intake among adolescents.
Adolescents' unstructured eating patterns may be contributing to the underreporting often seen in this age group, along with a combination of forgetfulness, irritation and boredom caused by having to record intake frequently (Livingstone and Black, 2003) . Our focus group testing and quantitative data would support this. We had high adherence when subjects were asked to use a disposable camera to photograph all foods consumed. The young people even took pictures of single food items and small snacks, such as a single licorice rope and a single frankfurter along with one of the recommended fiducial markers (for example, coin, small notebook). With future technologybased applications, we envisage that adolescents will be more engaged in the activity of collecting food intake data, which may lead to more accurate information and representative data on their dietary intakes. This is consistent with the observation that dietary assessment methods perceived as less burdensome and time-consuming may improve compliance (Livingstone and Black, 2003) . To confirm these predictions, validation studies that compare dietary intakes based on technological methods with recovery biomarkers, such as doubly labelled water and urinary nitrogen, need to be undertaken.
Pen and paper food record (6 days)
• 'I did it all on the last day. I couldn't remember everything. I switched around days I could remember'
• "It was kind of confusing because it was the 1st time' • 'Don't know how to describe'
• 'The amounts  kind of hard to ....'
• 'My parents told me that I had to do this, they gave me what I like to eat. I hate writing'
• 'not really' (didn't like)
• 'the interviewer was nice'
• 'It got easier the 2nd time because for some reason I could remember it all' • 'It was boring', 'it was pointless' • 'I can't really remember brands and amounts' • 'Hard to remember how much juice you drank, how much cereal you ate' • 'all the questions' • 'Takes a long time to remember' PDA image food record PDA food record
• 'kind of easier to remember all the foods because they were laid out in front of you' • 'cool  got to use the stylus and play solitaire' • 'easier but more tedious  finding the food group took a long time' • 'had the food right there and could tell how much it was' • 'liked working out how much I had to eat  kept me thinking' • 'that was OK' • 'we only had to spend time after the meal' (rather than cutting into other camp activities)
• 'was fine', 'easy and fun' 'taking pictures of people' • 'the camera was pretty cool  really small' • 'I liked how you didn't have to search through menus and could just take a picture'
• 'wasn't anything I didn't like about this'
Disposal camera at home
• 'could just go snap, snap, snap'
• 'very easy to use'
• 'it was funner'
• 'taking the picture was faster, just click the button!' • 'like um taking pictures of the food that you eat is pretty fun actually! and pretty weird usually you don't take pictures of your food  or before you eat' Figure 2 Quotes from focus groups among boys (n ¼ 15) and girls (n ¼ 14) between 11 and 15 years regarding likes and dislikes of dietary assessment methods. Several of the disposable cameras were past their expiration dates, which may explain the problem with developing the film; however damage inflicted to the camera by the user cannot be ruled out. In each case, these individuals had detailed recordings in their notebooks.
5-pass 24-h dietary recall
Discussion
Current work in progress The issues highlighted by this pilot study reflect an initiative within the National Institutes of Health called the Gene and Environmental Initiative (GEI) (http://www.nih.gov/news/ pr/sep2007/nhgri-04.htm). The activities of the initiative include improving genomic tools and exposure measurements to better address environmental and genetic influences on health and disease. The Exposure Biology Program, which makes up part of the GEI, addresses several critical exposures including the improvement of dietary assessment methods to better understand gene-environment interactions. Several investigative teams are being supported to develop improved methods. Our approach to this challenge is outlined here (Zhu et al., 2008) . Our goal is to develop, implement and evaluate a mobile device (for example, PDA, mobile phone) food record that will translate to an accurate account of daily food and nutrient intake among adolescents. The end product would be a mobile device with a built-in camera that includes integrated image analysis, visualization tools and a nutrient database that would allow an adolescent to discretely 'record' foods eaten. The user would capture images of his/ her meals and snacks before and after eating. Automatic image analysis would estimate the volume of food consumed, thus reducing the burden on the user. Our pilot study results showed that adolescents preferred PDA with camera or a camera alone to other methods of dietary assessment. The development of a mobile device that works the way young people interact with portable devices may address many of the barriers identified to recording food intake among adolescents.
Image analysis and visualization
With the use of image calibration, acquisition and image segmentation, we are developing methods to automatically estimate the volume of the foods consumed from images captured with a mobile device (Zhu et al., 2008) . The goal is to identify each food item and estimate the volume of each food item consumed. From this information, the energy and nutrients consumed can be determined through linking the volume information with the nutrient database. These steps require a calibrated, possibly 3D, imaging system. A block diagram of our analysis system is shown in Figure 3 , and parts of this system are outlined below.
Examples of the steps leading to segmented food items are shown in Figure 4 using a stylized collection of food representing a meal. To estimate the volume, a calibrated system is needed. This calibrated system can be accomplished by having a fiducial marker in the image or an object of known size. In the case of Figure 4 , this is accomplished with the pattern on the tablecloth. Next, the regions of the food need to be identified. This process is shown by the white outlines around the foods in Figures 4a and b , the former being completed by hand and the latter being carried out automatically. By taking images before and after the meal, the segmentation process and the reference size estimation are used to determine the volume of food consumed in cubic centimeters.
In some cases, the food image may not be completely clear, such as melted butter on a pancake or noodles under sauce. In these cases, we will use 3D shape reconstruction techniques to generate a similar shaped object as a reference and composite over the food item. Then, the user would be asked to adjust the shape with a simple slider bar to confirm the correct size.
Once a food item is segmented and its features are extracted (Figure 3) , the food item can be identified using statistical pattern recognition techniques (Yao et al., 2007; Zhu et al., 2008) . In time, a large, well-developed database of images will allow rapid identification of most foods consumed. If a food cannot be automatically identified, the user will be prompted to identify the food. Built-in adaptive programming would enable future images of these previously unidentified foods to be automatically identified. The food images will be linked to food codes in the FNDDS, thus allowing the calculation of the gram weight of food eaten and the energy and nutrient content of the amount consumed. At various stages, the information collected would be relayed to a central server space, thus preventing loss of data and immediate access of the information for researchers. In the event that a food cannot be automatically identified, a system to allow the user to identify foods needs to be developed as shown earlier in Figure 1 . We have been conducting formative evaluation and alternative methods of identifying foods including tapping the screen and using various data entry menus and forms ( Figure 5) . The entry methods being tested include a simplified tree method and a search mechanism. Supplementary work with the words used to identify foods has involved the addition of common food terms based on feedback from adolescents during our pilot study.
For calibration of the system, the fiducial marker becomes an important element in the entire process. If the marker has some depth, this aids in recovering depth information from the image. Likewise, placement of the marker may help in anchoring the foods that would improve the accuracy of the calculations for the before and after images of the food. As the programming is dependent on the fiducial marker, the same marker needs to be used for all recording days and all users. Therefore, the development of an object that is convenient to carry, has minimal probability of getting lost, will maintain its shape and be minimally obtrusive to the user while eating is being addressed.
Currently, our plans include testing the mobile device with adolescents under controlled feeding conditions for one or two meals. The amount of food estimated with the mobile device in the hands of adolescents will be compared with the known amount of foods consumed. A subset of the group will consume foods of known amounts over a 24-h period, and the estimated intake from the mobile device will be compared with the actual food amounts and urinary biomarkers. There are many more challenges involved with deploying a mobile device system than described in this paper. Some of the issues not mentioned here can be found in the report from the technology breakout session found elsewhere in this supplement.
Conclusions
We have observed poor acceptance of traditional methods of dietary assessment in adolescents. Unstructured eating patterns that require more frequent recording of food intakes may be contributing to these methods being considered burdensome. Those wishing to undertake dietary assessment in adolescents need to consider more innovative approaches when collecting food intake data. The goal of our study is to improve dietary assessment through further development of a novel and more precise method of measuring food intake. We aim to establish a system that will run on a mobile device to automatically determine what and how much food is consumed by acquiring images before and after every eating occasion. Mobile computing devices provide a unique medium for collecting dietary information that reduces the burden on record keepers.
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